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From an observa,onal point of view, 
X‐ray polarimetry starts with a nearly 

completely blank slate 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•   Probe black hole spin and accre,on disk 
geometry 

•   direct radia,on is polarized parallel to the disk and 
dominates at lower energies 
•   return radia,on is polarized perpendicular to the disk 
•   polariza,on magnitude and orienta,on is diagnos,c 

•  Probe the high magne,c fields near the surface 
of neutron stars 

•   X‐rays are highly polarized perpendicular to k‐B plane 
•   Propaga,on in high fields probes GR effects 

•  Characterize the magne,c fields in supernova 
remnants 

Theory predicts that X‐ray polarimetry will 



Photoelectric X-ray Polarimetry 
•  Exploits: strong correlation between the X-ray electric field vector and 

the photoelectron emission direction 

•  Advantages: dominates interaction cross section below 100keV 

•  Challenge: 
•  Photoelectron range < 1% X-ray absorption depth (λx) 
•  Photoelectron scattering mfp < e- range 

•  Requirements: 
•  Accurate emission direction measurement  
•  Good quantum efficiency 

•  Ideal polarimeter: 2d imager with: 
•  resolution elements σx,y < e- mfp  
•  Active depth ~ λx 
•  => σx,y < depth/103 Auger  
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N = A + B cos2 ( φ ‒ φ0 ) 

 µ =  B / ( 2A + B)

In prac,ce,  the distribu,on of 
es,mated track direc,ons, even for 
purely polarized input, is more 
complicated than a projec,on of 
the sin2θcos2φ probability 
distribu,on.

Modulation and sensitivity 



Elihu’s Polarimeter 



Elihu’s Polarimeter – Physical effects   

•  Photoelectric absorp,on 
–  Efficiency ~0.03 at 20 keV 

•  Scaeering in the detector 
–  Energy loss and angle change via mul,ple scaeers 

•  Tagging the signal 
•  Scin,llator tags 9 keV Cu‐K photon 

•  Distribu,on of tracks 
–  Angular resolu,on provided by an electron collimator  



Elihu’s sensi,vity 

Elihu’s es,mated detector rate 
is ~0.3 ct/sec for 1 Crab source. 
(assumes 5 cm aperture) 

If  
 S > B, 
 µ > 0.1 

Polariza,on of the Crab nebula 
could have been detected in a 
few hours 



TPC Polarimeter Concept 
•  Drift direction is perpendicular to X-ray propagation so efficiency is 

decoupled from other considerations 
•  One dimensional images using strip readout 
•  Pixels are formed by time projection, coordinates [arrival time,strip location] 
•  Drift height determined by collimation of beam 
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•  The Time Projec,on Polarimeter is the heart of 
the Gravity and Extreme Magne,sm Small 
Explorer 

•  Currently in Phase B 
•  Launch in 2014 

•  Rota,on of three‐axis stabilized spacecrai for 
low false modula,on due to instrumental 
systema,c error  

•  Full sky visibility; ~300 sources accessible, each 
for ~ 8 weeks every  6 months 

•  Straighmorward opera,ons concept 
•  9 month program of 35 targets 

•  No consumables, life,me ≥ 2 yr 

Gravity and Extreme Magnetism 
Small Explorer Concept 



Benefits of Rotation 



Black holes bend x‐rays and rotate the polariza,on 
according to their spin 

Accre,on disk 

How the image of the 
disk would look if we 
could resolve the 
image for a black hole 
with high spin 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NEW 
TERRITORY 

Targets with known fluxes 
and  polariza,on 
es,mates 

Black holes 

Neutron stars 

Supernova remnants 

•   GEMS will open a brand‐new window on the sky. 

•   Polariza,on in the X‐ray band is essen,ally unexplored: the polariza,on of only 
one object outside the solar system  has been previously detected.  

•   GEMS will be ~100x more sensi,ve than any previous instrument and will be 
able to study well dozens of objects. 

• Discoveries are expected from black holes, neutron stars, supernova remnants. 

GEMS will open the fron,er of X‐ray polarimetry 


